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SUMMARY

Alignment of broadband systems for best noige figure has been a major
problem for some time, perticularly, in the field of radiometry wherein
recceiver bandwidths in excess of several Gc/sec are not uncommon and system
perfosmance is strongly dependent upon system noise figure. Although the
circuitry described in. uhlS paper was develbped specifically to £il11 this |
need, it has much wider application.

The basie circuit is an enslog ratiometer with several unique and
unusual i’catures. Two low-level opposite-phase s> fixed-frequency sinusoids
with omplitudes A and B are compered vithout amnlification in a simple
EC bridge circuit. Tais arrangement is such that the phase of the output
is related to the ratio -% of the inpuis. The output and one of the inputs
are amplified, limited, and compared on a phese detector to obtain en error
signal that is used to edjust the bies on en abrupt~junction varactor in _
the bridge. 1In this way, a ncarly constant phase relationship is main-
tained between the bridge output and the bridge inputs over the range of
control provided by the varactor. '

Two significant relationships result. Fi'rst ,_‘ the bias voltage on the

varactor 1c linearly related to the ratio of the inputs, that is,

2’ | R (1)

second » the emplitude of the bridge output is equal +o 't‘;he geometric mean
of the amplitudes of the two bri dge inputs.

Since no preamplification of the input signals 'iz; required, the circuit |
is inhercntly stable and accurate. Al'i:hough‘ the clrcuit is compiicated, it

is far less so than some existing ratiometers.
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upon the breakdown voltege and the contact potential of the varactor, and
is given approximatequ by

.A.J‘ .;.VB"¢ o .(2)
Blpax =~ 6 * -
It is not difficult to design @ circuit of this sort that will operate
over & decade. For g constant ratio, the input dynamic renge is typically
60 ab.

This circult was used to constriict an automatlc noise-figure meter
that caen be used with eny receiver or amplifier, regardless of frequency
or bandwidth. It requires a minimum DC input signal level of 10 millivolts
a¢ross 220 K, has a460-d'b ﬁpirb dynemic range, end is accurate within 0.2 db
over a 10-db range of noise figure. The noise-figure range 1s set from
L ab below to 10 db sbove the cxcess noise temperature ratio of the nolse
source that is used. | | ‘

A further application: with the eddition of a ci:opp_er, two filters
and a square-lav detector, an instrument con bé built which will continuously:
end simultancously extract both thé Fatio and the product of two continucusly

varylng DC inputs. This application io illustrated 1n Fz.gure 1.
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As a ratiometer the range of input ratios that can be measured depends .
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FIGURE 1

Operational block diagram illustrating multiplication and
division of two slowly varying DC voltages. ' |



FIGURE 2

Front panel of universal artomatic noise figure meter.
b A

Kote scale calibration.




